Objectives RCC is the most common solid renal malignancy in adults worldwide. To provide the insight of clinicopathologica epidemiological characteristics and change tendencies of renal cell carcinoma (RCC), 2154 cases were collected from Shanxi Province of China, including diagnose time, age, gender, tumor size, Fuhrman grade, tumor stage, tumor location, local advance or distant metastasis and first symptom from 2005 to 2014. This retrospectively investigation, as its general objective, was to analyze the clinicopathologica epidemiological characteristics and the change tendencies of RCC.
Introduction
The incidence of renal carcinoma (RC) ranks first among malignant tumors of the urinary system, while the incidence of renal cell carcinoma (RCC) ranks second among malignant tumors of the urinary system only following bladder carcinoma in China. According to recent literature from the International Agency for Research in Cancer, the incidence of renal cell carcinoma (RCC) has increased worldwide over the last few decades, particularly in males. In the United States, the incidence and mortality of RCC have been climbing annually since 1950, increasing by 126% and 36.5%, respectively, while the survival rate has been improved only by approximately 9% [1] . Especially, the incidence of RCC has increased more rapidly in recent years, at a rate of 2.85% annually [2] . The incidence of RCC is also growing in the majority of Asian countries. For instance, in China, RCC is more common in males, with an average increase rate at 7.6% per year. Hong Kong and Shanghai are the most affected areas in China. However, the incidence of RC in females is the highest in India, increasing by 2.0% per year, in particular Chiang Mai and Mumbai are the worst areas [3] . Statistics data from the Chinese National Cancer spectrum show that the incidence of RC has increased by 6.5% per year over the past 20 years and with 40% of patients dying from RCC. Because approximately 20%-30% of RCC patients received a terminal cancer diagnosis upon their first visit to the hospital and approximately one-third of patients presented recurrent or metastasis cancer and this cancer were associated with more than 140,000 deaths per year [4] . Therefore, studying pathological characteristics and changes of RCC will provide new insights for understanding the pathology trend of RCC and help for developing new strategy in improving clinic prognosis and therapy. Our research team first investigated the distribution of RCC case in 8 tertiary hospitals in Shanxi Province of China. We found that most cases of the RCC with completed diagnoses and treatments records were concentrated on the three large general hospitals, which covers 80% of total cases. We therefore chose these 3 hospitals out of the 8 for case data collection. Although there are 120 cities and counties in Shanxi Province, the patients in these three hospitals came from 106 cities and counties in Shanxi (covering 88.3%). This retrospectively investigation, as its general objective, was to analyze the clinicopathologica epidemiological characteristics and change tendencies of RCC.
Methods

Cases collection
This study was conducted in three largest hospitals of Shanxi Province. A total 2154 cases were obtained with RCC diagnosed between 2005 and 2014. We examined the pathological results and whether metastasis occurred in these case records. Also we collected detail information of patients (age and gender) and the clinical record (diagnose time, tumor size, Fuhrman grade, tumor stage, tumor location, local advance or distant metastasis and the symptom of the first clinic visit). The information was organized on a data collection sheet designed for this study, where the variables were specified. The data has been collected by two investigators separately. The other investigators assessed the integrity and accuracy of the information by double checking. All investigators were trained by a consistent method at the same time, including the diagnostic criteria of the RCC, the standard methods for recording information. All clinical case record of the RCC collected for this study was approved by the Internal Review Board of these hospitals.
We collected a minimum of five pathology sections per renal mass for a total of ten sections per person, regardless of the presence or absence of morphologically demonstrable lesions. The paraffin-embedded tissue sections were assessed following hematoxylin and eosin staining. After a complete review, the histological types were categorized as follows: clear cell, papillary, chromophobe, mixed, RC associated with Xp11.2 translocations/TFE3 gene fusion, tubulocystic carcinoma, etc. The tumor grade was categorized by the Fuhrman grade (I-IV), and the staging (T1, T2, T3, T4, N1, and M1) was determined based on pathological findings according to the American Joint Committee on Cancer (AJCC). Dividing into incidence of renal cell carcinoma group and non-incidence of renal cell carcinoma group according to whether the patients had symptom or not when their first visit.
Ethics statement
The study was approved by the Ethics Committee for Medicine of the First Hospital of Shanxi Medical University, PR China. All records of patient and information were anonymized and de-identified prior to analysis.
Statistical analysis
This information (diagnose time, age, gender, tumor size, Fuhrman grade, tumor stage, tumor location, local advance or distant metastasis and first symptom) was input into an Excel sheet. All statistical analyses were performed by using SPSS v13.0 statistical software. Descriptive analysis of the data was presented as percentage, mean and standard error. Qualitative data (percentage of clinic stage) were compared between Fuhrman grade by using the chi-squared test; qualitative data (detection rates of RCC local advance or distant metastasis) were compared between different groups determined by tumor location and clinic stage by using the chi-squared test; while the quantitative data (tumor size) were compared between different Fuhrman grade groups and different years by using one way analysis of variance (ANOVA). Furthermore, associations between each pathological grade, size of tumor and gender were assessed using Spearman's correlation analysis. And a binary classification logistic regression analysis was used to assess the risk factors of tumor metastasis. We also used an auto-regressive integrated moving average (ARIMA) modeling of the time series analysis to predict future tumor sizes.
Results
General situation
Of the 2154 included patients, 63.1% (1360) were men, 36.9% (794) were women, and with the median age was 57 yrs old. Among all age groups, the 50-60 yr group contained the greatest proportion of patients (34.4%). As for tumor location, all cases were unilateral, and 52.3% (1127) cases occurred on the left side, and 47.7% (1027) cases occurred on the right side. 55.2% (1189) patients were incidental renal carcinoma found by annually physic examination, 44.8% (965) patients were non-incidental renal carcinoma ( Table 1 ).
The characteristics in the constituent of RCC pathological grade
Histological types of RCC showed a predominance of the clear cell type (1887, 87.6%), followed by lower proportions of the papillary (63, 2.9%) and chromophobe (61, 2.8%) types (Table 1) .
Only 1315 out of 2154 cases were with clearly record of Fuhrman grades. These cases of RCCs were further classified as grade I (63, 4.8%), grade II (845, 64.3%), grade III (360, 27.4%) and grade IV (47, 3.6%). The result from x 2 test indicated that the Fuhrman grade distributions differed significantly between males and females (x 2 = 9.461, p = 0.024). In addition, 70.36%
were grade I and II in incidence renal cell carcinoma group. Statistically significant difference in Fuhrman grading was found among incidence renal cell carcinoma group and non-incidence renal cell carcinoma group (x 2 = 42.636, p = 0.000) ( Table 2 ). In 1375 cases recorded the largest tumor diameter; the tumor size ranged from 0.70 cm to 28 cm, with an average size of 5.10 ± 2.792 cm. As for the clinical stage, they were divided into T1a (664, 48.29%), T1b (479, 34.84%), T2a (115, 11.27%) and T2b (77, 5.60%). A significant difference was found in the distribution of clinical stages according to Fuhrman grades (x 2 = 71.808, p = 0.000) ( Table 2) , indicating a linear correlation (x 2 = 54.053, p = 0.000). Moreover, the average tumor size differed significantly by Fuhrman grade (F = 25.013, p = 0.000) ( Table 3) .
Correlation analysis between the tumor size, grade and gender
To find out the association between gender and tumor grating, Spearman's analysis was carried on. The results indicated a negative correlation between Fuhrman grade and female gender (r = -0.072, p = 0.009), i.e. the RCC pathological classification was lower in female than that in male. A positive correlation was found between tumor size and the Fuhrman grade (r = 0.226, p = 0.000), and a negative correlation was found between the size of tumor and the right side (r = -0.062, p = 0.022), namely, the size of tumor was smaller in right side; while the bigger RCC tumor size, the higher grade.
Renal cell carcinoma local advance or distant metastasis
Among all 2154 cases, 99 exhibited local advance or distant metastasis (4.6%). Local advance includes the local infiltration and regional lymph nodes metastasis. In the 99 cases, 53.5% of the total cases advance to stage T3; 22.2% cases advance to stage T4; 20.2% cases in stage N1 were detected with regional lymph nodes metastasis, including retroperitoneal lymph nodes, para-aortic lymph nodes and renal hilum lymph nodes; and 13.1% cases in stage M1 being distant metastasis to several areas, such as the peritoneum, costophrenic angle, vertebral body, hilus of spleen, and ovaries. By using AJCC kidney cancer stage criteria, the 99 cases can also be classified as local advance (63.6%) and distant metastasis (36.4%).
The detection rate for left-sided tumors (5.5%) was significantly higher than that for rightsided tumors (3.5%) (x 2 = 4.923, p = 0.027). The metastasis detection rates differed depending on clinical stage classification (x 2 = 23.952, p < 0.001) ( Table 4) .
According to Spearman's correlation analysis, the metastasis detection rate was negatively correlated with tumor location (r = -0.048, p = 0.027), i.e. local advance or distant metastasis was more often in the left kidney. A positive correlation was also found between the metastasis detection rate and the size of tumor (r = 0.096, p = 0.000), with the likelihood of local advance or distant metastasis increasing with tumor size.
Using local advance or distant metastasis as the dependent variable (Y) and the possible influencing factors as independent variables (x), binary classification logistic regression analysis was performed. The results from Logistic regression indicated tumor size as a risk factor for metastasis (α = 0.05, β = 0.10, OR = 1.724). The risk of local advance or distant metastasis in the left kidney was 1.6-fold greater than that of the right kidney ( Table 5 ).
The trends in RCC pathological changes from 2005 to 2014
RCC cases showed an increasing trend from 2005 to 2014 ( The number of case in Fuhrman grade I and grand IV do not increase significantly. The number of case in grade II and III showed an obvious increase. In addition, grade III seems to begin to goes down after 2012 (Fig 1) .
The result from ANOVA indicated that the average tumor size decreased significantly over time (Table 7) . ARIMA modeling of the time series data was used to predict the average RCC size, showing potential continual decrease from the first quarter of 2015 to the fourth quarter of 2016 (Table 8) .
Discussion
RCC is a kidney cancer that originates in lining of the proximal convoluted tubule, which is responsible for approximately 80-90% of malignant tumors of the kidney and accounts for 3% of all malignant tumors in adults [5] . Previous study from a large-scale population survey has indicated that the risk factors of RCC include long-term smoking, diet, obesity, hemodialysis, hypertension, and long-term antihypertensive use [6] [7] [8] [9] [10] [11] [12] [13] [14] , indicating its complicated multi- factor origin, although the exact mechanisms remain unclear. The change trend of RCC differs in different regions worldwide. However there was no direct report regarding the pathologic characteristics and changes of RCC in a Chinese population. In this study, we have investigated and presented such data and the changes of RCC within the past 10 years in a representive population from Shanxi Province of China.
The characteristics of demographic distribution and the increase of RCC incidence
RCC ranks as the 9 th most common tumor in males and the 14 th in females. According to relevant demographic studies, the RCC incidence has been increasing in most regions and populations of the world reported in many bodies of literature in past twenty years [1] [2] [3] [15] [16] [17] . In contract with this, the RCC incidence has remained steady or even decreased in some European countries such as Austria and Germany in recent years [18, 19] . The RCC incidence was reported in the lower level from 3.69 / 100,000 to 5.08 / 100,000 which accounts for 2-3% of all adult malignant tumors. However, the incidence of RCC shows a clearly increasing tendency, with a 2% increase, namely, adding 20,000 to 40,000 new cases per year [20] . For example, Ma et al. reported the increase tendency from 4.26 / 100,000 to 6.63 / 100,000 using registry reports from 11 cities of China over a period of 15 years [21] . According to present data from the three hospitals, the number of diagnosed patients in clinic visit showed an increasing trend in the cases of RCC, especially in the years of 2006, 2009 and 2012, which showed an increased rate by 70.52%, 21.87% and 31.36%, respectively. Although we fail to get the information of exact incidence during this period in this retrograde investigation, the tendency of increased case number in the present study of the past 10 years are consistent with other reports in China and globe data of increased incidence of RCC. The RCC incidence clearly differs by region. Znar et al. compared more than 40 countries and regions, and found that the RCC incidences in the northern European countries are much higher than those in Asian and African countries. For example, Czech region has the highest RCC incidence (15 / 100,000), which is 15 times greater than that in the countries with the lowest RCC incidence [3] . In additional, event in a country, the RCC incidence may differ from area to area, for instance, the data from China's Cancer Prevention and Control Office and the information center of the Health and Family Planning Commission show that the RCC incidence and mortality vary significantly in different areas in China as well. In general, the RCC incidence in urban areas is higher than that in rural areas [21, 22] .
The RCC incidence in all five continents also shows that 63.3% out of the total increased cases is males in the year 2012 [15] . Similarly, with 2,154 cases in our study, we found the ratio of the RCC case number in males verse to females was 1.71:1, which is in accordance with the above mentioned results worldwide and some other studies in China. For example, the data of the Tianjin from 1981 to 2001, cancer registry report show that the RCC incidence has clearly at accessional amplitude of 4.58% (male) and 3.20% (female) [23] , namely, the incidence of RCC in females was approximately half of that of males. In addition, the present study also compared the gender difference of RCC pathological grade and found significant differences in their constituent ratios. The proportions of grades III and IV were bigger in males than that in females. Spearman's test showed that the RCC pathological grade was negatively correlated to female which is consistent with the previous findings [7, 23] . Thus, it suggests that female is at a lower risk of RCC, with both in lower incidence and less severe in the RCC pathological grade. The exact mechanimsas are to be investigated in the later study.
Although RCC has been reported in all age groups, the risk of RCC increases with aging and the highest RCC incidence is at age of 50-70 [24] [25] [26] . In this study, we categorized all the subjects into 6 age groups, namely < 30, 30-40, 40-50, 50-60, 60-70, and > 70 years old, with the youngest age was 6 years, and the oldest 89 years. As a result, we observed that the greatest proportion (61.2%) of the total cases of the patients was in the age 50-70 years group as well. In summary, our finding indicates a similar tendency in the age distribution of RCC occurring in these populations.
The clinicopathologica characteristics of RCC
Generally, the main histological subtypes of RCC according to the report of International Agency for Research on Cancer shows that the top three subtypes are clear cell renal cell carcinoma (CCRCC, 70%), papillary renal cell carcinoma (PRCC, 10%-15%), and chromophobe RCC (5%) [27] . In our study, the top three types were CCRCC (87.6%), PRCC (2.9%) and chromophobe RCC (2.8%), which was also supported by the similar studies in different regions of China [28, 29] . Compared with the reports elsewhere in the world, the subtype in this population trends to have bigger portion in CCRCC, which is different from that reported by International Agency for Research on Cancer.
Regarding tumor's progress, we observed that around half (48.29%) of the total cases were in stage T1a, composing the largest proportion; 34.84% was in stage T1b as the second largest; the rest was stage T2a (11.27%) and T2b (5.60%). Interestingly, the longest RCC tumor diameter was found in the left kidney. So far as we know, no similar report was found in the literature. The reason remains unclear.
To reflect tumor prognosis, Fuhrman grading categorizes the renal cell nuclear into four grades based on its size, morphology, and nucleolus [30] . In 1315 cases with recorded Fuhrman grade in this study, 4.8% were grade I; 64.3% grade II; 27.4% grade III, and 6% grade IV. Significant differences were found in the average size of tumor among the pathological grades, i.e., the size of tumor increased with increasing RCC Fuhrman grade, with the linear relationship between pathological grades and the size of tumor. Actually, the tumor size and pathological grading are considered as a dynamic process, not only used as a tumor grading method but also a clinic indicator of malignancy [31] as a basis for making potential treatment plan for the patients with high-grade tumor. Whether they hold a potential role on disease progression for the patients with low-grade tumor is unclear for the time being. From a practical view, it worth explore its role of clinic application in the future. However, our study found that only 61% of the pathological files had recorded pathological grade, indicating the management is to be improved to keep an efficient file system.
The changing trend in the size of RCC tumor from 2005 to 2014 and local advance or distant metastasis
In this study, a significant difference in the size of RCC tumor was found with time from year 2005 to 2014, namely, tumor size decreasing annually during this period, implicating that the majority of the RCC cases are inclined to become smaller. Therefore this population with small tumor size may become an important target of efficient therapy. To further describe the potential trend in tumor size, a time series prediction was carried on by using the data obtained in this investigation, the result shows that the average size of RCC tumor may continue decrease from the first quarter of 2015 to the fourth quarter of 2016.
Of the 2154 RCC cases, 4.6% exhibited local advances or distant metastasis, 63.6% of them belong to local advance and to the rest were distant metastasis. The relevance of the tumor size to RCC local advance or distant metastasis has been suggested by some literatures previously. A cohort study showed big tumor is inclined to metastasis [32] . In agree with this, the study of tumor size and metastasis in RCC patients from 1971-2005 in Iceland found that metastasis risk increased with increasing tumor size, but no linear relationship was found [33] . In this study, our result provides a support that the risk of local advance or distant metastasis increases with increased tumor size. However, whether reduce in the size of RCC tumor will result in a lower risk of local advance or distant metastasis needs further investigation.
